Background: Chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) is a common inflammatory neuropathy that can be progressive, stepwise progressive, or relapsing and remitting.
chromatography purified and placebo, respectively. Exposure to immune globulin intravenous, 10% caprylate-chromatography purified was approximately twice that of placebo (1096 vs 575 infusions). Most maintenance dose courses were administered over 1 day in the immune globulin intravenous, 10% caprylatechromatography purified (89.1% of 783 dose courses) and placebo (91.1% of 359 dose courses) groups. The most common drug-related adverse events (AEs) with immune globulin intravenous, 10% caprylate-chromatography purified were headache (4.0 per 100 infusions) and pyrexia (2.4 per 100 infusions). Five drug-related serious AEs (pulmonary embolism, pyrexia, vomiting, and 2 headache events) were reported in 3 patients (2.7%) exposed to immune globulin intravenous, 10% caprylatechromatography purified. The incidence of drugrelated serious AEs was higher after loading dose infusions than after maintenance dose infusions (4 AEs vs 1 AE). Age, weight, CIDP severity, and previous immune globulin intravenous exposure had no substantial effect on the percentage of patients with AEs, including serious AEs.
Conclusion:
Data support a favorable safety and tolerability profile for administration of immune globulin intravenous, 10% caprylate-chromatography purified as CIDP maintenance therapy. demyelinating polyr a d i c u l o n e u r o p a t h y (CIDP) is a common inflammatory neuropathy that can be progressive, stepwise progressive, or relapsing and remitting. It is most commonly treated with immune globulin intravenous, corticosteroids, or plasma exchange. [1] [2] [3] [4] [5] Long-term corticosteroid use is associated with the risk of serious adverse effects (AEs), 2 whereas plasma exchange is invasive, represents a time-intensive and resource-intensive treatment with restricted availability, requires specially trained individuals for administration, and is associated with a substantial risk of hemodynamic AEs. 3 Most randomized trials have assessed a single course of immune globulin intravenous therapy for the treatment of CIDP. 1 A goal of the phase 3 randomized placebo-controlled study by the IGIV-C CIDP Efficacy (ICE) Study Group (here-after referred to as the ICE study) 6 was to evaluate the long-term efficacy and safety of immune globulin intravenous, 10% caprylate-chromatography purified in CIDP. As one of the longest-duration and largest clinical trials of immune globulin intravenous for the treatment of CIDP, the study design permitted a rigorous assessment of the safety and tolerability of long-term (Յ48 weeks) immune globulin intravenous, 10% caprylatechromatography purified treatment. The objectives of this study were to provide additional insight into the safety and tolerability of long-term administration of immune globulin intravenous, 10% caprylatechromatography purified to supplement primary published results of the ICE study. 6 
METHODS
Details on the study design, inclusion criteria, informed consent, and methods were reported in the publication of the primary efficacy analysis. 6 As delineated in that article, this study was a randomized, double-blind, response-conditional (rescue), placebo-controlled trial. Adults with documented CIDP were randomized to receive immune globulin intravenous, 10% caprylate-chromatography purified or placebo (0.1% albumin). Patients received a baseline loading dose (2 g/kg of body weight) administered over 2 to 4 days, followed by a maintenance dose (1 g/kg) administered over 1 to 2 days every 3 weeks for up to 24 weeks. If the adjusted Inflammatory Neuropathy Cause and Treatment (INCAT) disability score worsened by at least 1 point relative to baseline at any time between day 16 and week 24 or if the adjusted INCAT disability score did not change by week 6, the patient crossed over to receive the alternate (rescue) treatment. Patients who completed the first period or crossover (rescue) period and responded to therapy (INCAT disability score improved from baseline by Ն1 point and was maintained through week 24) were rerandomized into a 24-week double-blind extension phase. Patients were rerandomized to receive immune globulin intravenous, 10% caprylate-chromatography purified (1 g/kg) or placebo over 1 to 2 days every 3 weeks for up to 24 weeks. If a patient relapsed (adjusted INCAT disability score worsened from the extension baseline value by Ն1 point at any assessment), he or she was withdrawn from the study. The safety population included all patients who received at least 1 infusion of study medication. Safety data for the first period, crossover period, and extension phase were combined and summarized by treatment using descriptive statistics. Severity of AEs was classified as mild (usually transient in nature and generally not interfering with normal activities), moderate (sufficiently discomforting to interfere with normal activities), or severe (impairments preventing normal activities).
RESULTS
Data from each period or phase were pooled by treatment (immune globulin intravenous, 10% caprylatechromatography purified or placebo) to provide a comprehensive assessment of the safety profile. Therefore, the safety population was composed of 113 patients exposed to immune globulin intravenous, 10% caprylatechromatography purified and 95 patients exposed to placebo any time during the first period, crossover period, or extension phase. 6 The mean (SD) exposure to immune globulin intravenous, 10% caprylate-chromatography purified (23.8 [16.4] weeks per patient) was approximately twice that with placebo (14.1 [12. 0] weeks per patient), and 28 patients (24.8%) were exposed to imm u n e g l o b u l i n i n t r a v e n o u s , 1 0 % c a p r y l a t echromatography purified for at least 36 weeks vs 5 patients (5.3%) to placebo. Most loading dose courses (administered at the start of the first and crossover periods) were given over 2 days in the immune globulin intravenous, 10% caprylate-chromatography purified group ( Interruptions of infusions because of AEs were rare ( Table 1) . Three patients in the immune globulin intravenous, 10% caprylate-chromatography purified group and 3 patients in the placebo group developed AEs that required interruption of 3 and 4 infusions, respectively, most of which occurred during administration of the loading dose. However, all infusions were restarted during the 
Figure. Number of infusion days per dose course for loading doses (A) and for maintenance doses (B). Drug is immune globulin intravenous, 10%
caprylate-chromatography purified. A shows first and crossover (rescue) periods combined; B shows first and crossover (rescue) periods and extension phase combined.
same day and were completed without further interruption. Few patients withdrew from the study because of AEs. 6 Three patients (2.7%) in the immune globulin intravenous, 10% caprylate-chromatography purified group and 2 patients in the placebo group (2.1%) were withdrawn from the study because of AEs. 6 Among these, 1 patient in each group experienced an AE resulting in study withdrawal during the loading dose phase of treatment.
Drug-related AEs were reported in 54.9% of 113 patients exposed to immune globulin intravenous, 10% caprylate-chromatography purified and in 16.8% of 95 patients exposed to placebo. 6 Because of the greater exposure to immune globulin intravenous, 10% caprylatechromatography purified vs placebo (1096 vs 575 infusions), the number of AEs per 100 infusions was calculated to correct for this difference. 6 Using this analysis, a drug-related AE was reported during 17.7 of every 100 immune globulin intravenous, 10% caprylate-chromatography purified infusions and during 4.3 of every 100 placebo infusions. The most common drug-related AEs associated with immune globulin intravenous, 10% caprylate-chromatography purified and placebo were headache (4.0 and 1.2 events per 100 infusions, respectively), pyrexia (2.4 and 0.0 events per 100 infusions, respectively), hypertension (1.5 and 0.5 events per 100 infusions, respectively), influenza-like illness (1.2 and 0.0 events per 100 infusions, respectively), and chills (0.8 and 0.0 events per 100 infusions, respectively). Of 113 patients in the immune globulin intravenous, 10% caprylatechromatography purified group, 33.6% experienced at least 1 mild drug-related AE, and 18.6% experienced at least 1 moderate drug-related AE (10.5% and 5.3%, respectively, for patients in the placebo group). The frequency of drug-related AEs during loading dose or maintenance dose administration was also compared. With immune globulin intravenous, 10% caprylate-chromatography purified, 46.7 drug-related AEs were reported per 100 infusions during loading dose courses, and 10.1 drug-related AEs were reported per 100 infusions during maintenance dose courses. Headache was the most commonly reported drug-related AE in patients exposed to immune globulin intravenous, 10% caprylate-chromatography purified during loading dose courses (26.9% of 104 patients) and during maintenance dose courses (6.9% of 101 patients). With placebo, 9.3 and 2.0 drug-related AEs per 100 infusions were reported during loading dose and maintenance dose courses, respectively.
Five drug-related serious AEs (moderate pyrexia, moderate vomiting, suspected but unconfirmed moderate pulmonary embolism, and 2 moderate headache events) were reported in 3 patients (2.7%) exposed to immune globulin intravenous, 10% caprylate-chromatography purified. The headaches occurred concurrently in a patient who experienced pyrexia and in a patient who experienced vomiting, both of whom were hospitalized. The case of suspected pulmonary embolism was reported in a patient with a history of this condition. This event resolved, and the patient completed the study. Compared with patients administered immune globulin intravenous, 10% caprylate-chromatography purified, a similar percentage of patients administered placebo experienced drug-related serious AEs: 4 placebo-related serious AEs (severe asthma, moderate cerebrovascular accident, moderate deep vein thrombosis, and mild asthma) were reported in 3 patients (3.2%). The incidence of drugrelated serious AEs per infusion was higher after loading dose infusions than after maintenance dose infusions for immune globulin intravenous, 10% caprylatechromatography purified (4 AEs vs 1 AE) and for placebo (3 AEs vs 1 AE). Most drug-related serious AEs (7 of 9 [77.8%]) occurred during the first period. Furthermore, of 9 drug-related serious AEs, 55.6% occurred within 1 day and 77.8% occurred within 3 days relative to the start of a study drug infusion.
Overall, most patients with an AE experienced the AE within 72 hours after infusion, which included 75 of 85 patients in the immune globulin intravenous, 10% caprylate-chromatography purified group and 20 of 45 patients in the placebo group. Similarly, most patients with a drug-related AE experienced the AE within 72 hours after infusion, which included 60 of 62 patients in the immune globulin intravenous, 10% caprylatechromatography purified group and 13 of 16 patients in the placebo group. Furthermore, 3 of 6 patients in the immune globulin intravenous, 10% caprylatechromatography purified group and 2 of 8 patients in the placebo group who experienced a serious AE did so within 72 hours after infusion.
Subanalyses were also conducted to determine potential differences in safety profiles based on select baseline demographics. Neither age, weight, previous immune globulin intravenous exposure, nor CIDP severity (baseline INCAT disability score) influenced the percentage of patients with AEs, including serious AEs ( Table 2) . There seemed to be a higher percentage of patients with AEs in the immune globulin intravenous, 10% caprylatechromatography purified group who had less severe disease at baseline (INCAT disability score, Յ4) than those 
COMMENT
Administration of immune globulin intravenous continues to have an important role in the treatment of autoimmune neuromuscular disorders. 7 The ICE study 6 is one of the largest and longest-duration trials to date of immune globulin intravenous in CIDP. The trial was designed not only to examine the benefits of immune globulin intravenous, 10% caprylate-chromatography purified over a long period but also to evaluate the long-term safety of immune globulin intravenous, 10% caprylatechromatography purified vs placebo. Patients who completed the study received immune globulin intravenous, 10% caprylate-chromatography purified for almost 1 year, allowing the opportunity to observe possible AEs for a longer time frame than any previously reported controlled study of immune globulin intravenous, 10% caprylate-chromatography purified in CIDP. Overall, immune globulin intravenous, 10% caprylatechromatography purified was well tolerated, particularly given the rapid and routinely scheduled infusion of immune globulin intravenous, 10% caprylate-chromatography purified doses. Furthermore, the total number of infusions and dose courses for immune globulin intravenous, 10% caprylate-chromatography purified was approximately twice that for placebo. The greater exposure to immune globulin intravenous, 10% caprylate-chromatography purified was related to the fact that fewer patients in the immune globulin intravenous, 10% caprylatechromatography purified group withdrew from the study.
Most infusions were administered over 2 days for loading doses of 2 g/kg and over 1 day for maintenance doses of 1 g/kg. Furthermore, infusion interruption was rare in the immune globulin intravenous, 10% caprylatechromatography purified group and in the placebo group, and the infusions in all cases were restarted during the same day and were completed without further interruption. This favorable infusion profile supports the belief that immune globulin intravenous, 10% caprylate- chromatography purified can be infused at higher doses and over shorter time frames than has been observed in the customary clinical practice of infusing 2 g/kg over 5 days (daily dose, 0.4 g/kg). 4, 5 Even after long-term administration (every 3 weeks for up to 48 weeks) with immune globulin intravenous, 10% caprylate-chromatography purified (1 g/kg), the incidence of drug-related AEs and serious AEs per 100 infusions and interruptions in infusions was low, as was the incidence observed with placebo. There were also no apparent differences between groups when compared by baseline characteristics such as patient age, weight, baseline CIDP severity, or previous immune globulin intravenous exposure. The most common AEs (regardless of causality 6 ) and drug-related AEs were those frequently reported by patients in other investigations involving immune globulin intravenous; serious AEs occurred slightly more often in the placebo group than in the immune globulin intravenous, 10% caprylate-chromatography purified group, and the type of serious AE was similar in both groups. Furthermore, in a Cochrane review evaluating immune globulin intravenous vs placebo in CIDP, which included the ICE study data, the relative risk of serious AE development was not significantly different between immune globulin intravenous and placebo (relative risk, 0.82; 95% confidence interval, 0.36-1.87). 1 A review of the literature disclosed a lack of substantial prospective detailed information about specific AEs associated with administration of immune globulin intravenous in patients with CIDP. Besides the ICE study, 2 other randomized controlled trials have provided detailed information about AEs. 8, 9 Hughes et al 8 reported AEs in 18 of 30 courses of immune globulin intravenous (2 mg/kg administered over 1-2 days) in a randomized controlled trial of immune globulin intravenous vs oral prednisolone in 32 patients with CIDP. Headache was the most common immune globulin intravenous AE and was reported in 10 courses (33%). In addition, indigestion, fever, rash, and hypotension were reported during 20%, 17%, 6%, and 3% of immune globulin intravenous courses, respectively. None of these AEs were significantly more common in the immune globulin intravenous group than in the oral prednisolone group. Heart failure was the only serious AE reported in the immune globulin intravenous group, and this event was unrelated to treatment. Mendell et al 9 published data on a randomized placebo-controlled trial of immune globulin intravenous (1.0 g/kg administered over 1-2 days [2 courses total]) in 29 patients with untreated CIDP; headache was reported in 67% of patients treated with immune globulin intravenous. Similarly, a high percentage (44%) of patients in the placebo group experienced headache. Other reported AEs with immune globulin intravenous infusion included nausea (33%), fever (33%), chills (30%), and transient hypertension (10%). Several other publications have reported headaches as the sole AE associated with treatment of CIDP, [10] [11] [12] [13] although other articles did not comment specifically about AEs. The ICE study data reported in the present study provide substantially more details supporting the favorable safety and tolerability profile of immune globulin intravenous, 10% caprylate-chromatography purified in CIDP.
In addition to CIDP, immune globulin intravenous is commonly administered for the treatment of acute idiopathic polyneuritis. In the seminal article by van der Meché et al 14 comparing immune globulin intravenous vs plasma exchange in acute idiopathic polyneuritis, 5 AEs (2 reports of hypotension and 1 each of shortness of breath, fever, and transient macroscopic hematuria) were temporally related to the infusions in 76 patients treated with immune globulin intravenous. There was 1 death in the immune globulin intravenous group due to cerebrovascular complications. Statistically significant elevations in liver function test results were observed during the first 2 weeks in the immune globulin intravenous group compared with the plasma exchange group. In a large study 15 (n=383) of plasma exchange, immune globulin intravenous, or combination treatment, AEs occurring during treatment with immune globulin intravenous alone included nausea or vomiting, meningismus, worsening of chronic renal failure, possible myocardial infarction, and infusion site erythema. In a small study 16 (n = 23) of clinical experience with immune globulin intravenous, plasma exchange, and immune absorption in acute idiopathic polyneuritis, the most common AEs seemed to be infusion related. A similar safety profile for immune globulin intravenous has been reported in the treatment of myasthenia gravis. 17, 18 The safety and tolerability data from the ICE study also support the positive safety and tolerability profile observed for immune globulin intravenous in the hematologic literature, including immune globulin intravenous for treatment of primary immune deficiency [19] [20] [21] [22] and idiopathic thrombocytopenic purpura. [23] [24] [25] In summary, immune globulin intravenous, 10% caprylate-chromatography purified infused every 3 weeks for up to 48 weeks is safe and well tolerated in patients with CIDP. Data from this large prospective trial support the conclusion that immune globulin intravenous, 10% caprylate-chromatography purified can be safely administered over 1 to 2 days, depending on the dose given. A shorter administration schedule does not seem to increase the risk of immune globulin intravenous, 10% caprylate-chromatography purified-related AEs and should lead to substantial cost savings for inpatient and outpatient infusions.
